The radio refractivity is one of major parameters in troposphere monitoring over a selected military aerodrome. The paper makes an in-depth analysis and description of the results of radio refractivity of the troposphere zone. The radio refractivity of the troposphere zone was estimated for the area of the military aerodrome EPDE in Dęblin, Poland. The radio refractivity of the troposphere zone was calculated using empirical troposphere models for the GNSS satellite technique as well as real meteorological data from the SYNOP message. In the paper, the authors demonstrate the results of wet, hydrostatic and total radio refractivity of the troposphere zone for EPDE military aerodrome. The SA and UNB3m models were applied in numerical computations of troposphere refractivity in an annual period.
Introduction
For the sake of the GNSS implementation techniques in navigation, the Earth's atmosphere has been divided into two parts: dispersive (commonly referred to as ionosphere) and non-dispersive (commonly referred to as troposphere). In case of ionosphere, the GNSS signals are delayed for code measurements and accelerated for phase measurements. It must be noted that code measurements are propagating at group velocity, while phase measurements at phase velocity, respectively. The coefficient of ionospheric refraction for group velocity is always greater than unity (Ngr>1), whereas for the phase speed, it is less than unity (Nph<1) [9] . On the other hand, when the GNSS signal passes through a non-dispersive (neutral) layer, the coefficient of refraction of the medium is always greater than unity (Ntrop>1), therefore the values of tropospheric delay are always positive. Additionally, nondispersion of the troposphere medium makes the coefficient of refraction of the troposphere zone independent of the carrier frequency, and thus it becomes impossible to formulate a mathematical expression (i.e. linear combination) which reduces the effect of tropospheric delay [2] . In practice, in the numerical calculations with regard to the troposphere, the refractivity index is used, instead of coefficient of refraction. It needs to be stressed that the coefficient of refraction of the troposphere zone is close to unity. The total value of the refractivity index is a sum of the refractivity index of the hydrostatic part and the refractivity index of the wet part of the troposphere. It is worth adding that refraction of the hydrostatic part of the troposphere constitutes approximately 90% of the total refractivity index. On the other hand, refraction of the wet part of the troposphere constitutes approximately 10% of the total refractivity index [7] .
The main aim of this study is to present the results of the troposphere refractivity index for the hydrostatic and wet parts. The parameters of the troposphere refractivity index have been determined for the area of Dęblin military aerodrome (EPDE), situated in south-eastern Poland. In particular, the troposphere refractive indexes were determined for the GNSS reference station, located on the grounds of the military aerodrome EPDE. In addition, the troposphere refractive indexes were determined by means of real meteorological data from the SYNOP message for the station Deblin/Irena 12490.
Materials and methods
The general formula for the total value of the troposphere refractivity index, in accordance with the ITU recommendation, is expressed as below [ 
where:
Ntrop -total value of troposphere refractivity, Nhyd -troposphere refractivity of hydrostatic part, Nwet -troposphere refractivity of wet part, P -air pressure, T -air temperature, e -partial water vapour pressure.
In the framework of the research experiment, two numerical tests were made, aimed at specifying the troposphere refractive indexes for the hydrostatic part and wet part. In the first experimental test, the troposphere refractive indexes of were determined for the GNSS reference station, located on the grounds of the military aerodrome EPDE. On the GNSS reference station, the geodetic receiver Topcon HiperPro was installed. Its aim was to collect, on a continuous basis, satellite observations of the GPS and GLONASS navigation systems [6] . In the experimental test, empirical models of the troposphere were exploited in order to determine the basic meteorological parameters (temperature, pressure and water vapour pressure). The designated meteorological parameters were referenced to the coordinates of the reference station REF1 in Dęblin, as below: Latitude: 51° 33' 19.92606 '' N; Longitude: 21° 52' 08.72275 '' E; ellipsoidal height: 152.069 m. For the sake of determining the values of meteorological parameters (T, p, e), two empirical models of the troposphere were used, see below model SA and model UNB3m. The meteorological parameters (temperature, pressure and the water vapour pressure in the empirical SA model were determined on the basis of the mathematical formulas as below [4, 5] : The meteorological parameters (temperature, pressure and the water vapour pressure in the empirical model UNB3m were determined on the basis of the mathematical formulas as below (8):
where: T -temperature at required height in UNB3m model, unit [K]; T0 -interpolated temperature, the temperature T0 is interpolated based on day of year, receiver latitude, average and seasonal variation of temperature from previous years, unit [K] ; P -pressure at required height in UNB3m model, unit [hPa]; P0 -interpolated pressure, the pressure P0 is interpolated based on day of year, sensor latitude, average and seasonal variation of pressure from previous years, unit [hPa] ; RHinterpolated relative humidity in UNB3m model, the relative humidity RH is interpolated based on day of year, receiver latitude, average and seasonal variation of relative humidity from previous years, unit [%] ; h -required height, unit [m]; g -standard acceleration of gravity, unit [m/s 2 ]; β0 -interpolated temperature lapse rate, the temperature lapse rate β0 is interpolated based on day of year, receiver latitude, average and seasonal variation of temperature lapse rate from previous years, unit [K/m]; λ0 -interpolated water vapor lapse rate, the water vapor lapse rate λ0 is interpolated based on day of year, receiver latitude, average and seasonal variation of water vapor lapse rate from previous years, unit [-] ; R -gas constant for dry air, unit [J/K·kg]; e -partial water vapour pressure at required height in UNB3m model, unit [hPa]; eS -saturation water vapour, unit [hPa]; fWenhancement factor, unit [-].
Results and discussion
The upper part of fig. 1 shows the values of troposphere refractive indexes for the hydrostatic part, on the basis of empirical SA and UNB3m models. The values of the troposphere refractive indexes for the hydrostatic part were presented on an annual basis for the period of 01.01.2010-31.12.2010. It should be noted that the troposphere refractivity index for the hydrostatic part, for the SA model, is constant in the annual cycle and equals 266.1 units. The empirical SA model assumes a constant course of the troposphere refractivity index for the hydrostatic part, for spring, summer, autumn and winter. The value of the troposphere refractivity index for the hydrostatic part, for the UNB3m model, in an annual cycle, changes periodically. The highest values of the troposphere refractivity index for the hydrostatic part, for the UNB3m model, can be noticed in the winter period, and the lowest in the summer period. In particular, the maximum value of the troposphere refractivity index for the hydrostatic part, for the UNB3m model, equals 291.9 units, whereas the minimum value is equal to 265.8 units, respectively. In addition, the median value for the troposphere refractivity index for the hydrostatic part, in the model UNB3m, equals 278.3 units. In the UNB3m model, there are two maxima of troposphere refractive indexes, for the hydrostatic part, i.e. in the period of January and February, as well as in December. Moreover, at the turn of June and July there is the minimum value of the troposphere refractivity index for the hydrostatic part, in the UNB3m model. In spring, it is possible to observe a decrease of approximately 30 units of the troposphere refractivity index for the hydrostatic part, in the model UNB3m. In autumn, there is an increase by over 30 units of the troposphere refractivity index for the hydrostatic part, in the model UNB3m. Also, in the bottom part of fig. 1 there are values of the troposphere refractive indexes for the wet part, on the basis of the empirical models SA and UNB3m. The values of the troposphere refractive indexes for the wet part were presented on an annual basis. It should be noted that the troposphere refractivity index for the wet part, for the SA model, is constant in an annual cycle and equals approximately 39 units. The empirical SA model assumes a constant course of the troposphere refractivity index for the wet part for spring, summer, autumn and winter. The value of the troposphere refractivity index for the wet part, for the UNB3m model, in an annual cycle, changes periodically. The highest values of the troposphere refractivity index for the wet part, for the UNB3m model, can be noticed in the summer period, and the lowest in the winter period. In particular, the maximum value of the troposphere refractivity index for the wet part, for the UNB3m model, equals 54.1 units, whereas the minimum value is equal to 13.8 units, respectively. In addition, the median value for the troposphere refractivity index for the wet part, in the model UNB3m, equals approximately 31 units. In the UNB3m model, there are two minima of troposphere refractive indexes, for the wet part, i.e. in the period of January and February, as well as December. Moreover, at the turn of June and July there is the minimum of the troposphere refractivity index for the wet part, in the UNB3m model. In spring, it is possible to observe an increase of approximately 50 units of the troposphere refractivity index for the wet part, in the model UNB3m. In autumn, there is a decrease by over 50 units of the troposphere refractivity index for the wet part, in the model UNB3m. Figure 2 shows the values of the total refractivity index of the troposphere on the basis of empirical models SA and UNB3m. The values of the total refractivity index of the troposphere for SA and UNB3m models are presented in an annual cycle. It should be noted that the troposphere refractivity index, for the SA model, is constant in an annual cycle and equals approximately 305.1 units. The empirical SA model assumes a constant course of the troposphere refractivity index for spring, summer, autumn and winter. The value of the total refractivity index of the troposphere for the UNB3m model, in an annual cycle, changes periodically in time. The highest values of the troposphere refractivity index, for the UNB3m model, can be noticed in the summer period, and the lowest in the winter period. In particular, the maximum value of the total refractivity index of the troposphere, for the UNB3m model, equals 329.9 units, whereas the minimum value is equal to 305.4 units, respectively. In addition, the median value for the total refractivity index of the troposphere, in the model UNB3m, equals approximately 309.3 units. In the UNB3m model, there are two minima of total refractive indexes of the troposphere, i.e. in the period of January, February and March and in December. Moreover, at the turn of June and July, there is the maximum of the total refractivity index of the troposphere, in the UNB3m model. In spring, it is possible to observe an increase of approximately 25 units of the total refractivity index of the troposphere, in the model UNB3m. In autumn, there is a decrease by over 25 units of the total refractivity index of the troposphere, in the model UNB3m. It must be mentioned that the troposphere refractive indexes for the hydrostatic and wet parts were determined for the needs of a flight experiment, executed on this day, within the implementation of the GNSS satellite technique, for an approach to landing procedures performed by a Cessna 172 aircraft, at the military aerodrome in Dęblin [3] . The determination of the state of the troposphere on this day was essential to maintain weather cover for the air operations, executed on the grounds of the military aerodrome EPDE in Dęblin. The meteorological data for the SYNOP station Deblin/Irena 12490 were generated from the online service WWW.OGIMET.COM [10] .
The upper part of fig. 3 depicts the daily change in the troposphere refractivity index for the hydrostatic part, determined on the basis of data recorded by the meteorological sensor at the SYNOP station Deblin/Irena 12490 on 1 June 2010. The minimum value of the troposphere refractivity index for the hydrostatic part on 1 June 2010 amounted to 267.5 units at 15:00:00 UTC, whereas maximum was 272.1 units at 03:00:00 UTC. Besides, the mean value of the troposphere refractivity index for the hydrostatic part on this day amounted to 269.7 units, while the median was equal to 269.8 units. From 02 UTC to 15 UTC, it is clear that the troposphere refractivity index for the hydrostatic part was constantly decreasing, on the basis of meteorological data from the SYNOP message. On the other hand, from 15 UTC to 22 UTC it is possible to draw a conclusion that the troposphere refractivity index for the hydrostatic part is constantly growing, on the basis of meteorological data from the SYNOP message. It should be noted that at 01, 19 and 23 hours, the meteorological sensor on the SYNOP station Deblin/Irena 12490 did not record any numerical data relating to the parameters of the troposphere (p, T, e), thus it was not possible to determine the troposphere refractivity index for the hydrostatic part. The bottom part of Figure 3 shows the daily change in the troposphere refractivity index for the wet part, determined on the basis of data recorded by the meteorological sensor at the SYNOP station Deblin/Irena 12490 on 1 June 2010. The minimum value of the troposphere refractivity index for the wet part on 1 June 2010 amounted to 60.8 units at 08:00:00 UTC, whereas the maximum value was 69.8 units at 22:00:00 UTC. Moreover, the mean value of the troposphere refractivity index, for the wet part, on this day, equalled 65.4 units, with the median being equal to 65 units. From 02 UTC until 08 UTC, it is clear that the troposphere refractivity index for the wet part is constantly decreasing, on the basis of meteorological data from the SYNOP message. On the other hand, from 08 UTC to 22 UTC, it is possible to conclude that the refractivity index of the troposphere for the wet part is constantly growing, on the basis of meteorological data from the SYNOP message. It should be noted that at 01, 19 and 23 hours, the meteorological sensor on the SYNOP station Deblin/Irena 12490 did not record any numerical data relating to the parameters of the troposphere (P, T, e), and thus it was not possible to determine the troposphere refractivity index for the wet part.
The bottom part of fig. 3 shows the daily change in the total refractivity index of the troposphere, determined on the basis of data recorded by the meteorological sensor at the SYNOP station Deblin/Irena 12490 on 1 June 2010. The minimum value of the total refractivity index of the troposphere on 1 June 2010 amounted to 331.3 units at 08:00:00 UTC, whereas the maximum value was 333.9 units at 22:00:00 UTC. Moreover, the mean value of the total refractivity index of the troposphere, on this day, equalled 335.2 units, with the median being equal to 335.4 units. From 02 UTC until 08 UTC, it is clear that the total refractivity index of the troposphere is constantly decreasing, on the basis of meteorological data from the SYNOP message. On the other hand, from 08 UTC to 22 UTC, it is possible to conclude that the total refractivity index of the troposphere is constantly growing, on the basis of meteorological data from the SYNOP message. It should be noted that at 01, 19 and 23 hours, the meteorological sensor on the SYNOP station Deblin/Irena 12490 did not record any numerical data relating to the parameters of the troposphere (p, T, e), and thus it was not possible to determine the total refractivity index of the troposphere. Figure 4 shows the daily change in the total tropospheric refractive index, determined on the basis of data recorded by the meteorological sensor at the SYNOP Dęblin/Irena station 12490 on 01.06.2010. The minimum value of the total tropospheric refractive index on 01.06.2010 was 331.3 units at 08:00:00 UTC time, while the maximum value was 339.8 units at 22:00:00 UTC. In addition, the mean value of the total tropospheric refractive index on that day was 335.2 units, and the median is 335.4 units. From 02 UTC to 08 UTC it is clearly visible that the total tropospheric refractive index is constantly decreasing based on meteorological data from the SYNOP message. In turn, from 08.00 UTC to 22 UTC, it can be concluded that the total tropospheric refractive index is constantly increasing based on meteorological data from the SYNOP message. It should be noted that at 01, 19 and 23 the meteorological sensor at the SYNOP Dęblin/Irena 12490 station did not record any numerical data on the troposphere parameters (p, T, e) and therefore it was not possible to determine the total tropospheric refractive index. 
Conclusions
The article presents the results of determining the troposphere refractive indexes for the military aerodrome EPDE in Dęblin. In particular, the article presents the results of the total value of troposphere refractivity indexes Ntrop, troposphere refractivity of hydrostatic part indexes Nhyd, troposphere refractivity of the wet part indexes Nhyd. The troposphere refractive indexes were determined on the basis of empirical tropospheric models and real meteorological data. In the case of empirical meteorological data, the tropospheric models SA and UNB3m were used. On the other hand, the real meteorological data (T, p, e) were recorded by the SYNOP station Deblin/Irena 12490. In the calculations, the basic parameters, i.e. temperature, pressure and water vapour pressure were used.
OKREŚLENIE WSKAŹNIKÓW REFRAKCJI TROPOSFERYCZNEJ DLA OBSZARU LOTNISKA WOJSKOWEGO W DĘBLINIE

Wprowadzenie
Na potrzeby implementacji techniki satelitarnej GNSS w nawigacji, atmosfera ziemska została podzielona na dwie części: dyspersyjną (zwaną potocznie jonosferą) oraz niedyspersyjną (zwaną potocznie troposferą). W przypadku jonosfery sygnały GNSS ulegają opóźnieniu dla pomiarów kodowych oraz przyspieszeniu dla pomiarów fazowych. Warto zauważyć, iż pomiary kodowe rozchodzą się z prędkością grupową, zaś pomiary fazowe z prędkością fazową. Współczynnik refrakcji jonosferycznej dla prędkości grupowej jest zawsze większy od jedności (Ngr>1), zaś dla prędkości fazowej mniejszy od jedności (Nph<1) [9] . Z kolei przy przechodzeniu sygnału GNSS przez warstwę niedyspersyjną (neutralną), współczynnik załamania ośrodka jest zawsze większy od jedności (Ntrop>1), co powoduje, iż wartości opóźnienia troposferycznego są zawsze dodatnie. Niedyspersyjność ośrodka troposfery powoduje dodatkowo, iż współczynnik refrakcji troposferycznej jest niezależny od częstotliwości fali nośnej, a zatem niemożliwe jest sformułowanie wyrażenia matematycznego (tj. kombinacji liniowej) redukującego efekt opóźnienia troposferycznego [2] . W praktyce w obliczeniach numerycznych dotyczący troposfery posługujemy się wskaźnikiem refrakcji, zamiast współczynnika refrakcji. Należy podkreślić, że współczynnik refrakcji dla troposfery jest bliski jedności. Całkowita wartość wskaźnika refrakcji jest sumą wskaźnika refrakcji części hydrostatycznej troposfery oraz wskaźnika refrakcji części mokrej troposfery. Warto dodać, refrakcja części hydrostatycznej troposfery stanowi ok. 90% całkowitego wskaźnika refrakcji. Natomiast refrakcja części mokrej troposfery stanowi ok. 10% całkowitego wskaźnika refrakcji [7] .
Głównym celem prezentowanej pracy jest przedstawienie rezultatów wskaźnika refrakcji troposfery dla części hydrostatycznej i mokrej. Parametry wskaźnika refrakcji troposfery zostały określone dla obszaru lotniska wojskowego Dęblin (EPDE), położonego w południowo-wschodniej Polsce. W szczególności wskaźniki refrakcji troposferycznej wyznaczono dla stacji referencyjnej GNSS zlokalizowanej na terenie lotniska wojskowego EPDE. Ponadto wskaźniki refrakcji troposferycznej określono również z użyciem rzeczywistych danych meteorologicznych z depeszy SYNOP dla stacji Dęblin/Irena 12490. W ramach eksperymentu badawczego wykonano dwa testy numeryczne mające na celu określenie wskaźników refrakcji troposferycznej dla części hydrostatycznej i mokrej. W pierwszym teście badawczym określono wskaźniki refrakcji troposferycznej dla stacji referencyjnej GNSS zlokalizowanej na terenie lotniska wojskowego EPDE w Dęblinie. Na stacji referencyjnej GNSS został zamontowany odbiornik geodezyjny Topcon HiperPro, który gromadził permanentnie obserwacje satelitarne z systemów nawigacyjnych GPS i GLONASS [6] . W teście badawczym wykorzystano empiryczne modele troposfery do określenia podstawowych parametrów meteorologicznych (temperatury, ciśnienia oraz prężności pary wodnej). Wyznaczane parametry meteorologiczne zostały odniesione do współrzędnych stacji referencyjnej REF1 w Dęblinie, jak poniżej: jak poniżej: Szerokość: 51°33'19,92606 '' N; Długość: 21°52'08,72275 ' 
Materiały oraz metoda badawcza
